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Abstract 8 
Cement manufacture generates environmental problems due, among others, to the greenhouse gases, especially CO2, 9 
emitted in the process. A number of materials have been used as cement additions in recent years to lower such 10 
emissions. One of the foremost is nanosilica (nSA), which as a nano-filler and pozzolan enhances the mechanical 11 
strength and reduces the porosity of the end product. Portland cement hydration is favoured by both temperature and 12 
the presence of nSA.  13 
Calorimetric studies were performed to monitor the early age hydration of white portland cement containing 10 % nSA 14 
at 25, 40 and 65 ºC for 24 h. After hydration was detained at trial times defined by the peaks observed on the 15 
calorimetric curves, samples cured for those times were characterised by XRD, DTA/TG, and 
27
Al MAS NMR.  16 
The findings showed that temperature and the addition of nSA induced the same type of alterations in the calorimetric 17 
curve: the induction period was shortened and heat flow rose. The calorimetric curve for the nSA-containing pastes 18 
cured at 65 ºC exhibited 3 main peaks, one more than the curve for the sample without nSA. Moreover, the ratios 19 
between the intensities of the signals varied widely. Nanosilica stabilised ettringite in the samples hydrated at 65 ºC, 20 
while that phase was non-existent in the samples without nSA.  21 
 22 
Originality 23 
Ettringite decomposes at temperatures of over 40 ºC. The present study shows that adding nSA to white Portland 24 
cement stabilises its formation at 65 ºC, a finding that holds great technological promise for the durability of pre-cast 25 
concrete. 26 
 27 
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1. Introduction 58 
Modern economic and industrial development has prompted exponential growth in construction and high 59 
cement consumption. Heightened social awareness of the adverse environmental effects of the intense 60 
extraction of the raw materials required in cement manufacture has been attendant upon those developments. 61 
Consequently, cement is now ordinarily replaced in part by other materials to lower CO2 emissions by 62 
reducing the proportion of clinker involved or to improve the properties of the hardened cement. Some of 63 
these replacement materials, such as silica fume (SF), fly ash (FA) and blast furnace slag (BFS), included as 64 
cement components in European standard EN 197-1 (2011) [1], exhibit pozzolanic or hydraulic properties. 65 
Limestone is another type of addition (filler) addressed in the standard. Although it exhibits neither 66 
pozzolanicity nor hydraulicity, it hastens the hydration of the silicates present in clinker, particularly if 67 
ground to a high specific surface, and interferes in aluminate hydration [2, 3]. Many of the other materials 68 
being explored for this use are likewise pozzolanic industrial by-products (rice husk or bagasse ash) 69 
(Cordeiro et al., 2012, Lin, 2013). Other nanometric additions such as n-Al2O3, n-Fe2O3, n-TiO2, n-Cr2O3 and 70 
n-SiO2 have aroused interest in the scientific community for their possible beneficial effect on the hardened 71 
end product. These nanoparticles have been shown to hasten the hydration rate of the silicates present in 72 
cement, for they act as nucleation sites for C-S-H formation (B. Y. Lee, 2010, Nazari and Riahi, 2011b), and 73 
as nano-fillers that reduce porosity (Kontoleontos, 2012, Nazari and Riahi, 2011a).  74 
Amorphous n-SiO2 (nSA) nanoparticles are insoluble in water, where they form a suspension. A number of 75 
studies conducted on how nSA affects cement hydration have revealed that it expedites silicate phase 76 
hydration and leads to C-S-H gels with a longer chain length (Sáez del Bosque, 2013a, Sáez del Bosque, 77 
2013b, Shih et al., 2006, Land, 2012).  Moreover, while both temperature and the addition of nSA are known 78 
to hasten cement hydration (Sáez del Bosque, 2013a), the latter has been shown to affect C3S hydration more 79 
intensely than the former (Sáez del Bosque, 2013a). 80 
Since hydration entails heat release, the effect of temperature and the addition of nSA on that process is a 81 
factor well worth researching. In the present study, isothermal conduction calorimetry was used to explore 82 
the joint effect of curing temperature and the addition of amorphous nanosilica (nSA) on early age white 83 
cement (WPC) hydration. The phases formed were characterised with X-ray diffraction (XRD), differential 84 
thermal and thermogravimetric analysis (DTA/TG), 
27
Al magic angle spinning (MAS) and cross-polarisation 85 
magic angle spinning nuclear magnetic resonance (
27
Al MAS NMR and 
27
Al CP/MAS NMR). 86 
2. Experimental 87 
The white cement used in this study, classified as BL I 52.5 R in Spanish standard UNE 80305 and nSA used 88 
here were characterised in prior studies [10, 14]. White cement pastes were prepared as follows: 89 
unadditioned cement with a water/solid (w/s) ratio of 0.425 used as a reference and labelled WPC; cement 90 
with 10 % nSA and a w/s of 0.66, labelled WPC+nSA. All pastes were cured at 25, 40 or 65 C. Given the 91 
high specific surface of nSA, different w/s ratios were used to ensure the same workability in all pastes. This 92 
was deemed preferable to using plasticisers to reduce the water needed in the additioned pastes, inasmuch as 93 
such admixtures alter hydration kinetics. 94 
Calorimetric measurements were recorded at 25, 40 and 65 ºC on a Thermometric TAM Air analyser with 95 
water as the external standard. The WPC and WPC-nSA pastes were prepared ex-situ, i.e., outside the 96 
calorimeter by mixing the solids with water and stirring vigorously for 3 minutes. The mixes were then 97 
placed in the calorimeter vials in less than 5 minutes, after which measurements were recorded for 24 hours. 98 
The dry nSA and cement were blended prior to mixing with water. Preliminary analyses conducted with 2.5, 99 
5 and 10 wt% nSA showed that 10 % was the most suitable proportion, for it induced the greatest differences 100 
in heat flow relative to the reference (Figure 1). 101 
All the calorimetric curves in this paper are referred to gram of solid (for both pure and mixed samples), not 102 
to the total weight of the paste sample. The data reported are based on the mean of various readings per 103 
sample. 104 
The reactions taking place at each isothermal conduction calorimetric signal were identified using samples 105 
whose hydration was detained with acetone at the times determined by the signals and which were 106 
subsequently vacuum dried for 5 h. The characterisation techniques used included differential thermal and 107 
thermogravimetric analysis (DTA/TG), X-ray diffraction (XRD) and aluminium nuclear magnetic resonance 108 
(
27
Al MAS NMR). 109 
The 
27
Al MAS NMR scans were performed on a Bruker Avance-400 (9.4 T) spectrometer operating at a 110 
frequency of 104.3 MHz, with a 2-s /2 pulse, a 5-s recycle delay and a 10-kHz spinning rate. A total of 111 
128 scans were recorded per sample. An AlCl3·6H2O solution (= 0 ppm relative to TMS) was used as an 112 
external standard for the 
27
Al chemical shifts. 113 
Powder X-ray diffraction (XRD) studies were conducted on a Bruker D8 Advance diffractometer, fitted with 114 
a (1.54-Å CuK1,2) copper anode X-ray tube, a Lynxeye detector with a 3-mm antiscatter slit and a 0.5 %, Ni 115 
K-beta filter. Readings were taken between 2 angles of 5-60º. 116 
DTA and TG analyses were run on a TA Instruments SATQ600 thermal analyser, heating the samples from 117 
20 to 1 050 C at a rate of 10 C/min in a dynamic N2 atmosphere (100 ml/min). 118 
 119 
Figure 1. Heat flow for hydrated white cement pastes with 0, 2.5, 5 and 10 % nSA, cured at 25 ºC 120 
3. Results and discussion 121 
All the normalised heat flow curves recorded during nSA-additioned and unadditioned white cement 122 
hydration at different curing temperatures (Figure 2) were observed to have two or three more or less well 123 
defined peaks. The addition of nSA to the cement induced a substantial change in the curve profile during 124 
the first few hours. 125 
 126 
Figure 2. Normalised heat flow for hydrated white cement pastes with and without nSA, cured at different temperatures 127 
The calorimetric curves for the nSA-additioned and unadditioned pastes cured at 25 C contained three 128 
peaks, shown in prior studies [15] using XRD and 
27
Al MAS NMR to be generated by ettringite formation 129 
(peak 1), silicate hydration (peak 2) and ettringite transformation into monosulfoaluminate (peak 3). 130 
Moreover, at early hydration ages, the nSA was observed to stabilise ettringite (Ett), retard monosulfate 131 
(AFm) formation and fail to stabilise hemicarboaluminate (Hc). 132 
Further to Figure 2, curing temperature induced intense change in the calorimetric curves, the least drastic 133 
being recorded for the additioned and unadditioned pastes cured at 40 C. These pastes exhibited no clear 134 
inflection point before the silicate hydration peak (labelled peak 1 and associated essentially with ettringite 135 
formation in the pastes cured at 25 C [15]). This was due to the accelerated hydration of the C3A + gypsum, 136 
which induced ettringite formation, along with hastened silicate hydration. The increase in temperature 137 
brought the other two peaks (labelled 2 and 3) forward, intensifying the heat flow (Table 1). 138 
Table 1. Isothermal conduction calorimetry findings for white cement hydration at several curing temperatures, 139 
with and without nSA 140 
 141 
The calorimetric curves for the pastes cured at 65 C varied substantially from the above. The intensity of the 142 
heat flow peaks on the plots for the unadditioned pastes was inverted relative to the curves for the pastes 143 
cured at 25 C: i.e., more heat was released in peak 3 than peak 2. The samples cured at 65 C revealed the 144 
effect of adding nSA: the curve for the additioned paste had three peaks (2, 3 and 4) compared to the two 145 
observed in the curve for the unadditioned material. The origins of those peaks, pursuant to the XRD, 
27
Al 146 
MAS NMR and DTA/TG findings for the 65 C samples whose hydration was detained at the ages at which 147 
they appeared, are discussed below. 148 
The XRD study (Figure 3) of the samples of pastes whose hydration was detained at peak 2 (WPC-P2 and 149 
WPC+nSA-P2) identified ettringite (Ett) as the sole aluminate phase hydrated. No hemicarboaluminate (Hc) 150 
was observed on the XRD pattern. The relative intensity of the diffraction lines for ettringite to a scantly 151 
reactive phase such as belite (signals at 9.10º and 39.4º, respectively) was similar in the two pastes (ratios of 152 
0.58 and 0.577, respectively, in the additioned and unadditioned samples). The ratio between the intensities 153 
of C3A and belite (signals at 33.2 and 39.4, respectively) was smaller in the paste containing nSA, 154 
however. The 
27
Al MAS NMR spectra (Figure 4) confirmed that the sole aluminate phase with octahedrally 155 
coordinated Al was ettringite, although the peak formed was somewhat asymmetrical. The cross-polarisation 156 
study confirmed the presence of ettringite (signal at 13 ppm), although the identity of the shoulder at a lower 157 
ppm value was unclear. It may have been due to monosulfoaluminate, a hemicarboaluminate or merely to 158 
noise. Differential thermal analysis (Figure 5) showed water loss at 86 C from ettringite dehydration, 159 
unbound water and the water in C-S-H gel. No water loss at or around 150 C, which might have denoted the 160 
presence of monosulfate or Hc, was observed. The inference is that the additional signal observed on the 
27
Al 161 
CP/MAS NMR spectrum was due to noise. 162 
 163 
Figure 3. XRD patterns for WPC+nSA and WPC pastes cured at 65 C for the times defined by 164 
calorimetric curve peak 2 165 
 
25 ºC (Sáez del Bosque 
I.F., 2013) 
40 ºC 65 ºC 
 WPC 
WPC +  
10 wt% nSA 
WPC 
WPC +  
10 wt% nSA 
WPC 
WPC +  
10 wt% nSA 
Peak 1 
Time (h) 
4.9±0.4 3.75±0.05 - - - - 
Peak 1 
Heat flow J/g·h) 
19±3 33±7 - - - - 
Peak 2 
Time (h) 
7.4±0.4 5.5±0.3 3.70.4 2.9 1.610.01 1.1750.007 
Peak 2 
Heat flow (J/g·h) 
33±5 52 ± 3 602 80 1177 1286 
Peak 3 
Time (h) 
13.1± 
0.2 
6.9±0.2 6.20.2 4.0 2.090.06 1.870.02 
Peak 3 
Heat flow (J/g·h) 
12 ± 1 18 ± 1 284 35 1262 96.40.6 
Peak 4 
Time (h) 
- - - - - 1.470.01 
Peak 4 
Heat flow (J/g·h) 
- - - - - 1081 
 166 
Figure 4. 
27
Al MAS
 
NMR
 
and 
27
Al
 
CP/MAS NMR spectra for WPC and WPC+nSA pastes cured at 65 C for the times 167 
defined by calorimetric curve peak 2 (= spinning sideband) 168 
 169 
Figure 5. Differential thermal and thermogravimetric (DTA/TG) analysis of pastes WPC and WPC+nSA cured at 65 C 170 
for the times defined by calorimetric curve peak 2 171 
 172 
The TG data showed that the weight loss associated with portlandite dehydroxylation at peak 2 was greater 173 
in the unadditioned than in the additioned paste (Table 2). This may be an indication that the nSA reacted 174 
with the portlandite to generate additional C-S-H gel from a very early stage. When analysing these data, 175 
account must be taken of the fact that the sample bearing nSA contained 10 % less alite and C3A and 176 
consequently less portlandite and even less ettringite. The curing age, which was shorter in the nSA-bearing 177 
sample, must also be taken into consideration, for it would redound to a lower degree of hydration and 178 
therefore a smaller proportion of portlandite. Nonetheless, further to the TG data, 15 % more chemically 179 
combined water was released by C-S-H gel and ettringite dehydration in the WPC+nSA-P2 than in the 180 
WPC-P2 sample, denoting a greater amount of C-S-H gel in the former, assuming the same amount of 181 
ettringite. Since paste WPC+nSA-P2 had more C-S-H gel and less portlandite than paste WPC-P2, the nSA 182 
must have reacted with the portlandite to form C-S-H gel, in turn stimulating alite hydration.  183 
According to the literature (Taylor, 1997), the first intense peak observed on the calorimetric curve for a 184 
hydrated cement paste is generated by silicate hydration, given suitable proportions of C3A and gypsum. The 185 
respective reaction kinetics are governed by C-S-H gel nucleation and increased density, as well as 186 
portlandite precipitation. Since in the additioned samples, however, the nSA had already begun to react at 187 
that hydration time, the peak must have also been generated by its pozzolanic reaction. 188 
Thomas et al. (Thomas et al., 2009) showed that C-S-H gel added during C3S hydration at ambient 189 
temperature acted as a seed for the formation of more silicate hydration-induced gel as a result of the new 190 
nucleation sites. That in turn raised the rate and degree of C3S dissolution (Thomas et al., 2009, Alizadeh, 191 
2009). According to Alizadeh et al. (Alizadeh, 2009), the intensity of the acceleration due to the addition of 192 
C-S-H gel depends on the amount added and its chemical composition (Alizadeh, 2009). The C-S-H from the 193 
nSA pozzolanic reaction in sample WPC+nSA-P2 might, then, have acted as a seed, hastening silicate 194 
hydration. That would also explain the earlier appearance of peak P2 and the greater heat flow in paste 195 
WPC+nSA than in paste WPC. Lastly, during calorimetric curve peak 2 formation, the addition of nSA 196 
induced greater heat flow at all curing temperatures (Table 1) due to the aforementioned hastening effect. 197 
Table 2.Weight loss (P) and percentage by weight (W) of the phases forming at isothermal conduction calorimetry peak 198 
2 during the hydration of WPC and WPC+nSA cured at 65 C 199 
 WPC – peak 2 WPC+nSA – peak 2 
PCH (%) 1.39 1.28 
WCH (%) 5.71 5.25 
PCaCO3 (%) 1.39 1.18 
WCaCO3 (%) 3.17 2.69 
P total 9.21 9.86 
P H2O C-S-H + ettringite 6.43 7.40 
PCH = portlandite decomposition-induced H2O loss; PCaCO3 = loss of CO2 due to descarbonation of calcium carbonate; 200 
WCH = portlandite in wt%; WCaCO3 = calcium carbonate in wt% 201 
 202 
In calorimetric curves for ordinary portland cement paste cured under standard conditions (20-25 C), the 203 
peak appearing at the longest hydration time and with the lowest heat flow has traditionally been associated 204 
with the transformation of ettringite into monosulfoaluminate (AFm) (Taylor, 1997). Nonetheless, some 205 
authors associate it with new ettringite forming as a result of the reaction between C3A and a further source 206 
of sulfate ions, namely the species adsorbed onto the C-S-H gel (secondary ettringite formation) (Quennoz, 207 
2012, Quennoz, 2013, Bullard et al., 2011). Prior studies (Sáez del Bosque I.F., 2013) on WPC hydration at 208 
25 C attributed the aforementioned peak to the transformation of ettringite into monosulfoaluminate, rather 209 
than to secondary ettringite formation. 210 
The XRD study (Figure 6) of the pastes cured at 65 C whose hydration was detained at peak 3 (WPC-P3 211 
and WPC+nSA-P3) revealed that ettringite did not transform into monosulfoaluminate, but rather, together 212 
with the ettringite identified in the preceding peaks, formed calcium hemicarboaluminate (Hc) as the 213 
hydrated aluminate phase. Furthermore, the relative ratio between the intensities of ettringite (2=9.10º) and 214 
belite (2=39.4º) was higher in the paste with than in the sample without nSA, denoting a wider field of 215 
stability for ettringite in its presence than in its absence. That behaviour differed clearly from what was 216 
observed in peak 2, in which the ratio was similar in the additioned and unadditioned pastes. Moreover, C3A 217 
hydration continued and only the diffractogram for the unadditioned paste contained a small signal 218 
attributable to the anhydrous phase of the aluminate. That phase would still be available to react with 219 
ettringite to form calcium monosulfoaluminate hydrate at longer hydration times. The C3A 220 
(2=33.24º)/belite (2=39.4º) intensity ratio was lower than in the pattern for the calorimetric curve peak 2 221 
material. 222 
 223 
Figure 6. XRD patterns for WPC+nSA and WPC cured at 65 C for the times defined by 224 
calorimetric curve peak 3 225 
 226 
Figure 7. 
27
Al MAS NMR and 
27
Al CP/MAS NMR spectra for WPC and WPC+nSA pastes cured at 65 C for the times 227 
defined by calorimetric curve peak 3 (=spinning sideband) 228 
 229 
The 
27
Al MAS NMR spectra for both pastes cured at 65 C whose hydration was detained at calorimetric 230 
curve peak 3 (WPC-P3 and WPC+nSA-P3) exhibited signals characteristic of ettringite and calcium 231 
hemicarboaluminate, although in different proportions. The paste containing nSA had an Hc/Ett intensity 232 
ratio of 1.4, whereas in paste WPC the ratio was 1.5, denoting greater ettringite stability in the former. The 233 
27
Al CP/MAS NMR spectra contained two well-defined peaks, one each for Ett and Hc, as observed in the 234 
MAS trial, corroborating the XRD findings.  235 
Thermogravimetric analysis (Table 3) showed that silicate hydration continued with curing time: both pastes 236 
exhibited greater loss due to portlandite dehydroxylation than the pastes in which hydration was detained at 237 
the peak 2 time. As in that case, the paste containing nSA had a smaller percentage of portlandite. In 238 
addition, its C-S-H + ettringite water loss was 21 % higher than in the unadditioned paste, again suggesting 239 
the existence of a pozzolanic reaction at the early age studied.  240 
 241 
Table 3. Weight loss (P) and percentage by weight (W) of the phases forming at isothermal conduction 242 
calorimetry peak 3 during the hydration of WPC and WPC+nSA cured at 65 C 243 
 WPC – peak 3 WPC+nSA – peak 3 
PCH (%) 2.37 2.12 
WCH (%) 9.72 9.13 
PCaCO3 (%) 1.72 1.51 
WCaCO3 (%) 3.91 3.43 
Ptotal 11.64 12.83 
P H2O from C-S-H and ettringite 7.55 9.20 
PCH = portlandite decomposition-induced H2O loss; PCaCO3 = loss of CO2; WCH = portlandite in wt%; 244 
WCaCO3 = calcium carbonate in wt% 245 
 246 
Lastly, peak 4 on the calorimetric curve (in-between peaks 2 and 3) was only observed on the paste 247 
containing nSA and cured at 65 C (WPC + nSA-P4). It would initially be associated with silicate hydration. 248 
Ettringite (Ett) and hemicarboaluminate (Hc) were identified on the XRD patterns as the hydrated aluminate 249 
phases. The (C3A(2=33.24º)/belite(2=39.4º) intensity ratio was lower than in paste WPC+nSA-P2, 250 
evidence of highly exothermal C3A dissolution and a higher Ett/belite ratio.  251 
 252 
Figure 8. XRD patterns for WPC+nSA and WPC cured at 65 C for the times defined by calorimetric curve peak 4 253 
 254 
The 
27
Al MAS NMR spectra had two signals in the octahedral aluminium range, at around 13.0 and 255 
9.95 ppm. The first was attributed to ettringite, while the second, located between the ppm values for 256 
calcium monosulfoaluminate and calcium hemicarboaluminate, could not be clearly associated with either of 257 
these compounds. Three peaks were identified on the 
27
Al CP/MAS NMR spectra: ettringite at 13.0 ppm and 258 
two others, one at 10.2 ppm, characteristic of Hc and the other at 9.65 ppm, associated with AFm. This third 259 
phase was fairly amorphous as it was not detected with XRD. 260 
 261 
Figure 9. 
27
Al MAS NMR and 
27
Al CP/MAS NMR spectra for WPC and WPC+nSA pastes cured at 65 C for the times 262 
defined by calorimetric curve peak 4 (=spinning sideband) 263 
 264 
The hydration reaction in the pastes cured at 65 C was also monitored with XRD at t=24 h (Figure 10), at 265 
which time no significant difference was observed in the heat flow in the calorimetric curves for the 266 
additioned and unadditioned pastes (0.92 J/g·h and 0.85 Jg·h, respectively (Figure 1)). The diffractograms 267 
showed that in the nSA-containing pastes, the C3A phase disappeared entirely and the intensity of the 268 
diffraction line for Ett was slightly less intense than on the peak 3 diffractogram. The small wide shoulder at 269 
around 10º observed in the XRD papttern of WPC+nSA at 24h might be associated with AFm. Nor was C3A 270 
identified on the XRD patterns for the unadditioned pastes cured at 65 C. Furthermore, the Hc phase, which 271 
appeared at a shorter hydration time (peak 3 on the calorimetric curve), was shown to be the sole stable 272 
aluminate hydrate at 24 h.   273 
 274 
Figure 10. Diffractograms for 24-hour additioned (WPC+nSA) and unadditioned (WPC) pastes cured at 65 C 275 
 276 
The 
27
Al MAS NMR spectrum for white cement paste containing nSA (in Figure 11) exhibited several 277 
signals in the octahedral Al
3+
 range: a very highly resolved peak at around 9.53 ppm, another at around 278 
4.4 ppm and a poorly resolved shoulder at around 12.9 ppm. These peaks were clearly resolved in the 
27
Al 279 
CP/MAS NMR spectrum, where two signals were observed, one at around 13.1 ppm generated by ettringite 280 
and the other at 9.7 ppm associated with monosulfate. In contrast, the 
27
Al MAS NMR and 
27
Al CP/MAS 281 
NMR spectra for the unadditioned white cement paste contained just one signal at around 10.2 ppm 282 
attributed to hemicarboaluminate, confirming the XRD results. 283 
 284 
Figure 11. 
27
Al MAS NMR and 
27
Al
 
CP/MAS NMR spectra for 24-hour additioned and unadditioned pastes 285 
cured at 65 C ( =spinning sideband) 286 
 287 
In the 24-hour pastes, the percentage by weight of portlandite (Table 4) was much greater in the sample 288 
containing nSA than in the material without the addition due to the pozzolanic reaction taking place after the 289 
first 2 h of hydration. 290 
Table 4. Weight loss (P) and percentage by weight (W) of the phases forming in 24-h WPC and WPC+nSA 291 
cured at 65 C (Sáez del Bosque, I.F., 2013b) 292 
 WPC – 24h WPC+nSA – 24h 
PCH (%) 5.12 2.80 
WCH (%) 21.05 11.51 
PCaCO3 (%) 2.61  3.71 
WCaCO3 (%) 4.39 8.43 
PCH = portlandite decomposition-induced H2O loss; PCaCO3 = loss due to calcium carbonate decarbonation; 293 
WCH = portlandite in wt%; WCaCO3 = calcium carbonate in wt%  294 
 295 
4. Conclusions 296 
The conclusions that may be drawn about the effect of curing temperature and the addition of nSA on the 297 
stability of white cement hydration products are listed below. 298 
 Curing temperature hastens the hydration of the silicates and aluminates present in the cement, 299 
generating greater heat flow rates at earlier curing times. The addition of nSA has a similar effect. 300 
Nonetheless, at the same curing temperature, the additioned pastes generate a higher heat flow due to the 301 
nSA-induced acceleration of silicate hydration. 302 
 Amorphous, high specific surface nSA reacts with portlandite from the very first hours of hydration in 303 
the paste cured at 65 C. 304 
 During the first 3-5 h of hydration, the inclusion of nSA induces no change in aluminate phase stability. 305 
Ettringite is the sole aluminate hydrate, although after approximately 2 hours of hydration, ettringite is 306 
more stable in the additioned than the unadditioned paste cured at 65 C. 307 
 In young (24-hour) pastes cured at high (65 C) temperatures, the addition of nSA stabilises ettringite. In 308 
unadditioned pastes no ettringite exists due to its instability at such temperatures, the only aluminate 309 
hydrate formed being calcium hemicarboaluminate. 310 
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